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after 20 years’ unbroken 
service ‘SLUGOIDS” are 
as popular as ever... 
If you are not getting 
the maximum output 
from your mills, write 
to us. “SLUGOIDS” may 
put matters right. 


SLUGOIDS 


Regd. 532240 


KNOWN ALL OVER THE WORLD 


HELIPEBS RRR 
WerStES 








From our range of Firebricks, 
High Alumina Bricks and Basic 
Bricks we are in a position to 
supply the correct type of 
refractory to suit all zones in 


Rotary Cement Kilns and 


in Cement Coolers. Made in 
modern plants under carcfully 


controlled conditions, all 


refractory products possess the 


necessary properties for 
long and dependable life. 


Preheating and Inter- 
mediate Zones — 
Thistle, Nettle and Stcin 
50 Firebricks. 


Burning Zone — 

Stein 63 and Stein 70 High 
Alumina Bricks and Stein 
Mag C Magnesite Chrome 
Brick. 


%& Copies of our Pamph- 
Icts Nos. 1 and 2 will be 
gladly sent on request. 
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REMIND 
YOU... 


after 20 years’ unbroken 
service ‘SLUGOIDS” are 
as popular as ever... 
If you are not getting 
the maximum output 
from your mills, write 
to us. “SLUGOIDS” may 
put matters right. 


SLUGOIDS 


Regd. 532240 


KNOWN ALL OVER THE WORLD 


HELIPEDS 
WeESTES 
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8 reasons 
for using 


MAGNECON 
HOT ZONE LININGS 


in your rotary Cement Kilns 


| Are not subject to chemical attack at highest 
operating temperatures. 


Will withstand kiln shut-downs without spalling. 






Will not disintegrate from thermal contraction. 


Have better than average hydration resistance. 


Are able to maintain coating during operation and 


2 
3 
4 
5 Will build up coating very rapidly. 
6 
during shut-downs. 

7 





Will give increased cement production per lining. 
8 Will save maintenance time and cost. 


MAGNECON is recognised in many Countries as the 
ideal basic lining for the production of Portland Cement. 


CONSETT IRON CO. A 


LIMITED 
CONSETT - CO. DURHAM - ENGLAND 


(la 
TELEPHONES: CONSETT 34 (12 LINES). TELEGRAMS: STEEL, PHONE, CONSETT 
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DAYLOR 


CIRCULAR DUST 
COLLECTORS 





The Mechanism shown above is standard and is robustly built 
for 24-hours’ operation. 


J. DARNLEY TAYLOR LTD. 


undertake the design and installation of complete 
Dust Collection plants, including 
ducting. 


Our machines are extensively used in Packing Plants, Grinding Mills, Screening 
and Crushing Plants, for the collection of Cement, Gypsum, Lime and Stone 
dusts, etc. 


With many plants already giving first-class performances, our Collectors are sold 
mainly on reputation and incorporate cyclone and filter sleeve principles, with 
fully auto-scavenging and rapping cleaning mechanism. 


May we help you with your problem? Write to: 
NESOR HOUSE, 3 CALEDONIAN ROAD, LONDON, N.1. = Telephone: TERminus 9454 
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Moving Display 


From every point of view Bowater multi- 
wall sacks are a good investment. By 
varying the number and type of plies, i.e. 
walls, the protection they give can be 
varied to meet all kinds of conditions of 
packing, handling and storage. They are 
ideal for all ‘free-flow’ products. They 


Paar ale 


eas 
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take up the absolute minimum of storage 
space on the lorry and in the warehouse. 

And, wherever they go, multiwall sacks 
bring your name and the name of your 
product before the public a thousand 
times a day. The services of the Bowater 
Design Studio may be enlisted to make 
your multiwall sacks worthy ‘travelling 
posters’ for your company. 


Stacked on a lorry, 
multiwall sacks look neat 
and efficient, a credit to 
the name they display. 


Wherever they are on show — at 
trade fairs, or on a building site, 
for example — they serve as 
reminders of your name to 
passers-by. 


Bowater multiwall sacks 
take your trade-mark 
to faraway places. 





SE 
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Ground-Rock packer 


The Bowater 7000 F.C. Packer 
is designed to handle low-output 
ground-rock products. It weighs 
and packs simultaneously, in cwts, 


from 3-12 tons an hour according 
to the product. An Avery pre- 
determined scale gives clear 
weight indication, makes manual 
control simple. 





Light weight answers 


Strong and well-made, Bowater 7-lb, 14-lb and 28-lb bags are 
perfect answers to the demand for smaller packaging units for 
specialised cements and other ground-rock products. This demand 
continues to grow, stimulated by the movement to “‘Do-it-yourself”’. 


t ‘ 4 one iedlaliaiaa . ————— 


Inquiries on any aspect of Bowater packaging will be welcomed by 
BOWATER HOUSE, STRATTON STREET, LONDON Wi MAY 2080 
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LLL. 





products have a world wide reputation 







for all industrial 
requirements 


Air Washers and Heaters—Pneumatic Conveyance 
Air Conditioning and Dust Collecting Plant 


DAVIDSON & CO., LTD. 


SIROCCO ENGINEERING WORKS 
BELFAST, NORTHERN IRELAND 


LONDON -: MANCHESTER 
GLASGOW - LEEDS - CARDIFF 
NEWCASTLE - BIRMINGHAM 
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POLYSIUS Ltd. 


oe Se ee eee ee Oe, | ee 
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among its many 
advantages are 


(1) Effective air quenching. (2) Effective heat recovery, 
because secondary combustion-air passes through the 
hottest zone of the clinker bed. (3) Fuel savings by highly 
preheating secondary combustion-air and by raising 
ignition speed of fuel. (4) High-temperature combustion- 
air permits low-volatile coal, and coal with high moisture 
content, to be used. (5) Increase in grindability of clinker, 
Take advantage of Fuller’s long experience in materials 
handling and cooling. A talk with one of our engineers 
may lead to more profitable operation. 


CONSTANTIN (ENGINEERS) LTD. 


123 VICTORIA STREET, LONDON, S.W.1 Telephone : TATE GALLERY 0637 


(Sole licensees for the manufacture and sale of Fuller equipment in Great Britain) 
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VISCO 


DUST COLLECTION 


in the Cement Industry 


Every year sees additions 
to the number of Cement 
Works using the “ Visco- 
Beth ” system of Automatic 
Dust Collection. In these 
plants, waste has been elim- 
inated, output increased, 
costs reduced, and the dust 
nuisance permanently over- 
come. Material previously 
lost in the form of dust at 
crushers, conveyors, and 
other machines is now re- 
covered as saleable product. 
*“Visco- Beth” Automatic 
Dust Collectors have a re- 
covery efficiency of practi- 
cally 100%, are simple, 
positive in action, and will 
operate for long periods with only occasion- 
al unskilled attention. 
* 

Vicente nee “Visco” Collectors are also giving ex- 
COLLECTOR IN A cellent results in lime works and other plants 

CEMENT WORKS. where dust is produced in quantities. 


Consult us on your Dust Problem. 
Write for brochure No. 532 “ Modern 
Dust Collection and Fume Removal”. 
*Phone: Croydon 4181 


VISCO ENGINEERING CO.LTD. STAFFORD RD. CROYDON 
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FVE LL gear cutting 


WITH ATTRACTIVE DELIVERIES of machine cut 


gears for heavy industrial drives. 













Gears up to 14 ft. diameter can be supplied complete, 
finished machined from clients’ material or cut from 
fully machined blanks. 
To avoid delay enquiries should be 
accompanied by fully dimensioned 
drawings. 







THE 


CORPORATION (SALES) LIMITED 
JACKSON DIVISION 


SALFORD WORKS HAMPSON STREET 
MANCHESTER 5 
| 


, 


¥ 
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STEEL 
JOINTING 
SHEETS 


for 


BASIC BRICKS 





Produced in Sheet Steel in all 
thicknesses from 21 gauge to }’. 
For easy handling, all products are 
packed in bundles of 25 or 50 
according to weight and marked 
to customer's specification. 


TAPHOLE TUBES 


to Customer's Specification 


SOLE MANUFACTURERS TO THE 
CHROME-MAGNESITE BRICKMAKERS ASSOCIATION 


FLOUCH GARAGE and 
ENGINEERING COMPANY 
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Alite 


SUPER REFRACTORIES 
for 
CEMENT & LIME WORKS 


High Alumina bricks and 
special shapes for Rotary and 
Shaft kilns. Full details 
available on request. 


Alite Alumina _—_Refractoriness : 


i No.1 69-72% CONE 37-38 : 
: B.1 62-64%, 36 : 
iB. 57-53%, 36 : 
? D. 39-42%, 33 
Riciasuaieceneant Leiasinepicoisiiaibiniseels : 


High-Temperature Insulating Bricks. 
‘‘PEER’’ Air-Setting Refractory 
Cements. 
“R” Quality Firebrick for lower 
temperature work and resistance to 
abrasion. 





E. J. & J. PEARSON LIMITED 
STOURBRIDGE, ENGLAND 
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THE HIGH-CAPACITY AUTOMATIC 





Top of Kiln 


“LOESCHE” KILN 
INSTALLATIONS 
now on order or build- 
ing in Australia, New 
Zealand (North and 
South Islands), Japan, 
and Western Europe. 


DELO 


138 BOROUGH HIGH STREET, LONDON, 8.E.1. 


(ENGINEERS), 


TEL. : HOP 0085/6. 


VERTICAL 
KILN 


Forty years’ continuing development based on 
the original principle of the patent of 1912 
(then acquired by us) gives us an unequalled 
background of experience. During this period 
output per kiln has increased from 40 to 50 
tons per day up to 190 or even 200 tons per 
day in some cases. 

The introduction from time to time by others 
of designs which have since been discarded has 
served to confirm the correctness of our line of 
development. 

Production of high-quality Portland cement 
clinker is combined with the advantages of:— 
Lower heat requirement of about 1|700-1800 
B.T.U. per Ib. of clinker; power requirement of 
only 15-16 h.p.h. per ton; small space require- 
ment of about 10 square yards; easy adjustment 
of output by shutting down for shifts or for 
days and restarting simply by switching on 
Blower; lower initial cost of plant. 





Hydraulically-operated discharge chutes 


LTD. 


elegrams: Claycomp, Sedist, London. 


ASSOCIATED WITH 
Clayton Equipment Co., Ltd., Hatton, Derby, and Loesche H.u.Z. Dusseldorf. 
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2 as 


Pek Pay 





The amount of air penetrating the bed 
of the FOLAX GRATE COOLER can be Other features are efficient heat re- 


adjusted independently of the amount cuperation, air quenching, effective 
of air required for the burning in the cooling permitting immediate grinding, 
kiln, and the cooler and kiln speeds low head room, low power consump- 
are independent of one another. © tion and small maintenance cost. 







The FOLAX GRATE COOLER—the cooler with horizontal grate and positive 
conveying of the clinker—is supplied by : 


FL SMITH « 00. uo. 


105, PICCADILLY, LONDON, W.1. 


TELEPHONE: GROSVENOR 4100 (17 liaes). 
TELEGRAMS: FOLASMIDTH, TELEX, LONDON, 
CABLEGRAMS: FOLASMIDTH, LONDON. 
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The Constitution of Hydraulic Lime* 
By M. H. ROBERTS, B.Sc., Ph.D. 


SUMMARY.—Hydraulic lime is a product in the range between high-calcium lime 
and Portland cement. It is obtained by burning limestone and, owing to the vari- 
ability of the stone and variations in the burning conditions, its chemical 
composition and properties may vary considerably. Examination of several 
commercial samples of British manufacture by X-ray and microscopical methods 
has shown the principal constituentsto be B-2CaO.SiO,, CaO, Ca(OH),, 2CaO.Al,O3. 
SiO,, CaCO;, and quartz. The presence of y-2CaO.SiO,, 3CaO.2SiO,, «- and 
B-CaO.SiO,, 4CaO.Al,0;.Fe,0;, and some calcium aluminates was also in- 
dicated. It appears therefore that the hydraulic properties are derived’in the main 
from B-2CaO.SiO,, and possibly to a slight extent from calcium aluminates, and 
4CaO.Al,0,.Fe,03, since the silicates y-2CaO.SiO,, 3CaO.2SiO,, «- and f-CaO. 
SiO,, and 2CaO.Al,0,.SiO, have no cementitious properties. Indications were 
obtained that, in general, hydraulic lime owes its properties to being relatively 
lightly burned under conditions of non-equilibrium, and that increasing the 
period or the temperature of burning may lead in some cases to an almost com- 
pletely inert product. Several chemical methods were tried in an attempt to 
determine the proportion of reactive cementitious compounds in the various sam- 
ples of lime, but only a limited degree of success was obtained. 


Introduction. 

The term hydraulic lime, without any qualification to indicate its many 
varieties, is applied to products obtained by burning argillaceous or siliceous 
limestones. During the burning process the calcium carbonate dissociates into 

*Crown copyright reserved. 


( 27 ) 
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calcium oxide and carbon dioxide, and solid reactions take place between the 
calcium oxide on the one hand and the major components of theclay (silica,alumina 
and ferric oxide) on the other. The hydraulic properties of the product are attri- 
buted to the resulting calcium silicates, aluminates and ferrites, as in the case of 
Portland cement in which the principal constituents are C,S, C,S, CsA and C,AF*. 
However, not all of the numerous binary and ternary compounds of calcium 
oxide with silica, alumina, and ferric oxide which may be formed during the 
manufacture of hydraulic lime (see Table III) are cementitious. The less basic 
calcium silicates, namely «-CS, B-CS, C3S,, y-C,S, the ferrite CF, and the ternary 
compound C,AS, have no cementing properties. Which compounds are formed and 
the extent to which chemical equilibrium is attained are governed by the conditions 
of burning and the nature and composition of the limestone. 

The manufacture of hydraulic limes is usually carried out by burning in 
vertical shaft kilns naturally occurring limestone containing from Io per cent. to 
20 per cent. or more of clayey or siliceous material. The limestone is generally 
in the form of lumps from about 6 in. to 12 in. diameter and, apart from a super- 
ficial selection of the raw rock, little attempt is made to control its composition. 
Neither is there rigid control of the temperature of burning, and owing to uneven 
distribution of heat there may be considerable variations in the temperature 
to which the stone is subjected in various parts of the kiln. Temperatures are 
generally considered to be in the region of 1000 deg. C. to 1200 deg. C., but 
they may be higher or lower at times in some parts of tne kiln. The 
lower temperatures will give rise to undecomposed limestone in the calcined pro- 
duct, while the higher temperatures may cause some fusion of the material and 
the formation of sintered lumps. This latter condition is avoided as much as 
possible because of the risk of forming “ hard-burned ” calcium oxide, which is 
difficult to hydrate. When fusion occurs the sintered lumps are usually separated 
and discarded, but in suitable cases they give, after grinding, a natural cement 
(for example “‘ grappier’’ cement) which contains very little, if any, uncombined 
calcium oxide. In hydraulic lime, on the other hand, some uncombined calcium 
oxide is always present, and this may originate in several ways. First, there 
may be insufficient clayey material in the raw stone so that after complete com- 
b:nation of the clay components there is still an excess of calcium oxide. Secondly, 
the time and temperature of calcination may be insufficient to allow the reactions 
to proceed to completion, leaving some uncombined calcium oxide which would 
otherwise have reacted. Finally, because the reactions between calcium oxide 
and the clay components take place in the solid state, the extent of combination 
of calcium oxide obtained will depend to a large extent on the grain-size of the 
limestone constituents, and on how uniformly the clayey material is distributed 
throughout the limestone. Large particles of quartz or isolated pockets of clay 
will react only at the surface, and even though calcium oxide may be available 
complete combination will not be obtained. The theoretical and practical 
aspects of the prcduction of hydraulic lime have been considered extensively in a 


*Abbreviated notation: C = CaO, A = AlgO3, F = FegO3, S = SiOg. 
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series of articles by Deforge.1 The particular characteristics and many uses of 
hydraulic lime in building, more particularly in France, have also been discussed 
by Lafuma.? 

As a consequence of the natural variations of the limestone there is a series of 
limes varying from high-calcium limes containing 95 per cent. and upwards of 
calcium oxide to hydraulic limes containing 50 per cent. or less. It is customary 
to associate with this series a rough classification according to ‘‘ degree of 
hydraulicity ” (for example, ‘‘ semi-hydraulic,” ‘eminently hydraulic,” etc.), 
arbitrarily based on early strength (as in the French Standard Specification 
Pr5-310), on content of calcium and magnesium oxides (as in British Standard 
No. 8g0), or on both characteristics. These distinctions, and that between 
hydraulic lime and natural cement, antedate any exact study of the materials 
concerned ; they sometimes give rise to misunderstanding, and they are not used 
elsewhere in this report. 

The constitution of hydraulic lime has been little studied. Both Leduc? and 
Deforge! appear to consider it as consisting simply of a mixture of calcium oxide 
and a cement almost identical with Portland cement. This can hardly be the 
case, however; since hydraulic limes and Portland cements are made under very 
different conditions, and it is to be expected therefore that the compounds present 
in hydraulic lime may differ from those found in Portland cement. An identi- 
fication of some of the constituents of hydraulic lime was made by Azbe, Bradley , 
and Clark‘ in a study of the applicability of X-ray diffraction methods to problems 
of lime burning. X-ray powder diffraction patterns were obtained from 
three samples of commercial hydraulic lime containing respectively 84-4 per cent., 
62-2 per cent. and 53°6 per cent. calcium oxide. The first two samples were 
homogeneous and the diffraction patterns showed the presence of CaO, MgO, 
B-C,S, and C,A. These compounds, apart from C,A, were also identified in 
the pattern from the remaining lime, but in this case the sample was observed 
to be heterogeneous, and consisted of nodules of B-C,S with some uncombined 
CaO embedded in a yellow matrix of lower calcium content. Diffraction patterns 
from the matrix alone indicated a mixture of B-C,S with a second phase which 
was not identified but was presumed to be a less basic calcium silicate. No 
evidence of the presence of C,S, the principal constituent of Portland cement, 
was observed in any of the limes examined. It has been suggested by Rockwood® 
that, because hydraulic limes sometimes have a calcium-oxide/silica ratio not 
much greater than unity, they must contain the monocalcium silicate Wollastonite, 
which must hydrate to form a monocalcium silicate hydrate as the principal 
binding agent. The exact nature of the compounds present in hydraulic lime has 
remained a matter for conjecture. The aim of the present investigation has 
therefore been to determine, as far as possible, qualitatively and quantitatively, 
the compounds normally present in hydraulic lime, or more strictly in the 
products which form the range between high-calcium limes and Portland cements. 
It may then be possible to correlate the constitution of this type of product to 
its properties, composition, and conditions of manufacture. 
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Chemical and Physical Properties of Limes Examined. 

Several commercial samples of hydraulic lime of British manufacture were 
examined; the chemical analyses are given in Table I. Of these limes only 
Nos. 3 and 4, which were referred to as “ Blue Lias ” limes, were said to need 
slaking before use, though with lime No. 5 the slaking had already been done 
during manufacture. The remaining two samples were referred to as limes, but 
they may be considered as cements in that they can be used without preliminary 
slaking. The compressive strengths of specimens prepared from hydraulic lime 
and standard sand in the proportions 1: 3 by weight with a plastic consistency 
and the vibrated cube method described in Appendix E of British Standard 
No. 12, “ Portland Cement,” are given in Table IJ. In all cases the early strength 


TaBLE I. CHEMICAL ANALYSES. 





Lime Lime Lime Lime 














Lime 
No. 1 No. 2 No. 3 No. 4 No. 5 
(per cent.) (per cent. i.) per cent.) | (per cent.) (per cant: ) 
0, .. sie #6 is 31°90 23°20 9°58 27°30 25°92 
ee 6s es ns ia 0-18 0:36 0-16 0°35 0°35 
Mn,0O, .. et =e et o:10 0-06 0:05 O-15 0-16 
Fe,O, .. s ai cs 3°53 4°40 2°15 2°65 2°65 
Al,O; .. ea a ma 4°77 Q°I2 3°99 6°76 6°84 
ee By e a% 40°68 47°16 65°76 51°54 51°32 
MgO... ie oe ea 2:70 1°34 1°19 I-00 1-00 
~~ ee ee aie ai’ o-10 0°59 | 0:22 0-20 O-12 
50, oa ee i es 0°74 Sy ae | 0-82 1-21 0°97 
ee ah vis ie 1-18 3°86 2-11 0-81 0-71 

CO; ; 1050 4°66 4°34 3°96 3°91 
Loss on ignition at 1000 deg, 

C. (not COg) aS 3°72 3°18 9:90 4°32 5°81 
Total .. s SH a 100°10 99:90 10027 100°25 99°76 
Water-soluble Na,O . is 0-or 0-41 O15 0°04 0°04 
Water-soluble K,O .. 0:09 1-20 0°47 0°25 0°39 
Insoluble residue determined 

according to B.S. No. 890. . 21°66 4°53 2°15 9°33 6°83 
SiO, in insoluble residue... 18-23 1°40 1-18 6-89 4°67 
Uncombined CaO determined 

by the rae 

method 7:20 2°20 44°70 3°80 6-10 


TaBLE II. COMPRESSIVE STRENGTHS. 


Compressive strength in lb. per sq. in. 





Water Water: 























Lime content lime ¥ 14 28 3 6 12 
No. (per cent.) ratio days days days | months | months | months 
pcindnalenesh | ‘ < ll nicauledabn rite cesta ident ee et ies ee ESE 
I . 12-50 0°50 118 158 282 495 583 795 
2 ee 12°25 0°49 594 710 848 1075 1300 1563 
eee es 16-70 — 53 116 204 434 544 857 
4* i 13°70 _— 71 119 229 448 742 1052 
5 oe 13°55 0°54 229 320 497 870 1070 1420 


*Material for test was slaked for 15 minutes at 100 deg. C. 
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is low compared with that of Portland cement, which in a similar mixture would 
have a compressive strength of about 2,500 lb. per square inch at seven days and 
about 4,000 lb. per square inch at six months. The low strengths obtained at 
very early ages with limes Nos. 3 and 4 may probably be explained by some 
hydration of the hydraulic compounds, more particularly the aluminates, taking 
place during the slaking, with a consequent loss of some hydraulic activity and 
early strength. 


Mineralogical Analysis by X-ray and Microscopical Examination. 

The primary method used to identify the constituents was X-ray examination 
employing the powder method with a powder diffraction camera of 19-cm. diameter 
and filtered copper radiation. X-ray photographs of the powdered samples as 
received from the manufacturers were taken and compared with standard photo- 
graphs of the various minerals and compounds which may possibly be present. 
The results are shown in Table III. In almost all the samples CaCO,, SiO, 
(quartz), CaO, Ca(OH),, B-C,S, and C,AS were present, while CaSO,, 8-CS, and 
CA were probably or possibly present in some. It was not possible to make a 


TasLeE III. MINERALOGICAL COMPOSITION. 




















Lime No. 1 Lime No. 2 Lime No. 3 Lime No. 4 
X- | Microscopi-| X- | Microscopi-| X- | Microscopi-| X- | Microscopi-| X- | Microscopi-| 
\ Tay cal ray cal ray cal ray cal ray cal 
CaO__i«.. | + rh - i} + = + th t th 
Ca(OH), ao + - “+ + + + — 7 + | 

CO, .. | + - Se “- + —- + == 7 — 
CaSO, .. |* oO . oO ; oO oO oO oO oO 
SiO, 

(quartz) | + ++ + + + + + + +f + 
a-CS O O oO O oO oO oO + oO aa 
B-CS wi +t 3 os oO + oO + O a 
C3S_ oO oF O | “+ Oo + Oo a 0 + 
B-C,S + oF = - 3 =e Ay of + + 
y-CeS Oo ; O t Oo } O ; Oo t | 
C3S oO O O O oO oO oO O oO oO 
C,AS ob oO + O + oO a O oO 

A t oO t oO O O oO Oo oO oO 
CygAz oO oO O O O oO oO oO ;O oO 
C3A oO t Oo 3 O t O t oO 3 
C,AF oO $ oO ; O t oO } oO t 
ck St 6 4er 6 tee 6 ae Se ee 
C,F O O oO oO oO oO oO oO oO QO 








t = Positive reaction with ‘‘ White’s reagent.” 
Key.—+ = present, * = probably present, { = possibly present, O = not identifiable, 
C = CaO, A = Al,O3, F = Fe gO3, S = SiQg. 


positive identification in all cases because there was some uncertainty to which 
compound or compounds many of the diffraction lines should be attributed. 
This arises from the fact that the crystal structures of many of the compounds 
in question are of very low symmetry, and their diffraction patterns have very 
many lines, so that in mixtures many of the lines coincide. There is also a certain 
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minimum amount of any compound that must be present in the mixture before 
it can be detected by X-rays, and this may vary considerably in different mixtures 
since it depends upon the intensity of the strongest lines of the particular com- 
pound in question, and also on their positions relative to lines due to other 
compounds present. This method of examination does not therefore necessarily 
identify all the compounds present. 

In order to improve on the X-ray examination of the original samples, attempts 
were made to separate the compounds present into more concentrated fractions. 
The first method tried was that of sedimentation in a heavy liquid, using the 
differences in specific gravity of the various compounds to effect a separation. 
The powdered samples were centrifuged in acetylene tetrabromide (specific 
gravity 2-94), and “ light” and ‘“‘ heavy ”’ fractions obtained were submitted to 
X-ray examination. A limited separation of the constituents was achieved, as 
shown by changes in the intensities of the diffraction lines compared with those 
from the original mixture, but no new lines were evident. A good separation is 
not obtained by this method, probably because of the intimate intergrowth of 
the various crystal phases in the limes. For the same reason little success was 
obtained by magnetic separation of the constituents. Appreciable amounts of 
material were collected after passing small quantities of limes Nos. 2 and 4 through 
an electromagnetic separator, but from these fractions only the compounds 
B-C,S and C,AS could be identified in the X-ray patterns. However, after fine 
grinding of the magnetic fractions and further separation by centrifuging in 
methylene iodide (specific gravity 3:32) a heavy fraction was obtained which gave 
an X-ray pattern in which ferric oxide could be identified, still with some B-C,S and 
C,AS. Finally, the residues obtained by hydrolysis (see later) were also submitted 
to X-ray examination to ascertain if any new compounds could be identified. 
In this way more definite indications were obtained of the presence of C,,A,, 
C,AF, a-CS, and £-CS in nearly all the lime samples, but positive identification 
of these compounds was still difficult. 

As a supplementary method of identification of the constituents, the powdered 
limes were examined under a polarising microscope. Measurements of the optical 
properties of the crystals were very difficult due to the very fine-grained nature 
of the materials, the crystals often being too small to permit satisfactory measure- 
ments to be made. The presence of these very small crystals in hydraulic lime 
is perhaps to be expected, since the temperature of burning is relatively low and 
there is no appreciable growth of crystals or recrystallisation in the solid state. 
The results of the microscopical examination are also shown in Table III. These 
largely confirm those obtained from X-ray examination, but in addition the 
compounds CS (sometimes both the «-form and f-form occurring together) and 
CS, were now identified under the microscope in all the limes examined. The 
presence of y-C,S, C;A, and C,AF in nearly all the samples was also indicated, 
but it was not possible to identify them positively. The compound C,AS could 
not be identified microscopically despite the fact that the X-ray examination 
indicated its presence. This may be due to the compound occurring in very small 


i 
| 
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crystals so that identification under the microscope was not possible. There may 
also be some alteration of the optical properties due to solid solution, since C,AS 
is a member of the complex isomorphous series of solid solutions known as the 
melilites, though the X-ray patterns did not appear to give any direct evidence 
of the formation of solid solution. 

In addition to the finely ground commercial samples, some specially selected 
samples of calcined limestone obtained directly from a works kiln were also 
examined. Two sets of specimens were collected, the first consisting of lightly 
burned and sintered rocks from a Blue Lias limestone containing about 87 per 
cent. CaCO,, and the second set consisting of similarly burned rocks from a shale 
containing 68 per cent. CaCO3. It was found by X-ray examination that different 
compounds were present in each specimen, clearly showing the effects of compos'- 
tion and conditions of burning on the constitution. With the lightly burned 
Blue Lias limestone the main constituents were CaO and £-C,S, while the sintered 
product consisted of CaO and C,S. On the other hand, the lightly burned specimen 
of shale contained B-C,S together with a little C,AS and probably some C,,A., 
and the sintered product consisted of the inert compounds C,AS and «-CS, there 
being insufficient CaO present to form C,S. 


Quantitative Determination of Hydraulic Constituents by Chemical 
Methods. 

A number: of chemical methods was used for the quantitative determination 
of ‘‘ active ”’ CaO, that is the amount of CaO combined in hydraulic constituents, 
or alternatively the amount of SiO, combined in B-C,S or of Al,O, combined in 
C3A, Cy,A,, or CA. No definite conclusion was reached and consequently the 
work is not reported in detail.* 

The method showing most promise was a modification of that devised by Jander 
and Hoffmann.* By this method, 0-25 gramme of the powdered sample was 
suspended in 250 ml. of a solution containing 40 gr. of sodium tartrate per litre. 
The suspension was kept at 80 deg. C. in a reaction flask with three necks, 
fitted with a stirrer, a thermometer, and burette. The CaO liberated by hydrolysis 
was titrated at intervals with N/1o HCl, using phenolphthalein as the indicator. 
At the end of the hydrolysis the SiO,, Al,O;, and Fe,O, in solution were deter- 
mined. Under these conditions, lime No. 2 had 32:2 per cent. of “active ” CaO, 
13°4 per cent. of soluble SiO, corresponding to 38-4 per cent. of C,S, 3-4 per cent. 
of soluble Al,O;, and 1 per cent of soluble Fe,O03. The reliability of these values 
has not as yet been assessed, but they agree generally with the mineralogical 
analysis in Table III, and appear to indicate the relative amounts of hydraulic 
and inert compounds present in this sample. 

Other methods tried were the conversion of reactive Al,O, to calcium sul- 
phoaluminate (which could be estimated analytically), extraction of reactive 
Al,O, in sodium carbonate solution, and hydrolysis in NH,CI-NH,OH buffer 


*Further details can be obtained on enquiry from the Building Research Station, Garston, 
Watford, Herts. 
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solution at pH 8-9, as described by Gilbert and Gilpin.? The results obtained 
were inconclusive, and further investigation is required. 


Discussion and Conclusions. 

The mineralogical compositions of the hydraulic limes examined were calculated 
from the chemical analyses in the following manner: 

(1) The CO, and SO, present were assumed to be combined as CaCO, and 
CaSQ,, respectively, the percentages of which were therefore calculated directly. 

(2) It was assumed that the amount of uncombined SiO, was indicated by the 
amount present in the insoluble residue obtained by treatment with 2N HCl 
followed by 5 per cent Na,CQ; solution, as in the method described in B.S. No. 890. 

(3) The percentage of uncombined CaO and Ca(OH), was obtained by the 
method of Lerch and Bogue® by extraction with a mixture of glycerol and absolute 
alcohol, followed by titration with standard ammonium acetate solution. 

(4) It was assumed that the reactions taking place during the burning of the 
limestone had proceeded to complete equilibrium; then, neglecting the oxides 
present in minor amounts (MgO, alkalis, etc.), the FegO, was assumed to combine 
with CaO and Al,O, to form C,AF, and the composition of the remainder of the 
residue was calculated from the ternary equilibrium diagram of the system 
CaO-Al,0,-SiO, as given by Rankin and Wright.® 

The calculated compositions are shown in Table IV. There is not good agree- 
ment between the calculated and observed compositions, and the differences, 


TaBLE IV. CALCULATED MINERALOGICAL COMPOSITION. 




















| | 
Lime No. 1 | Lime No. 2 | Lime No. 3 | Lime No. 4 | Lime No. 5 | 
| (per cent.) | (per cent) (per cent) (per cent) (per cent) 

CaCO, i... con 23°9 10:6 99 9:0 8-9 

| CaSO, .. id 2-0 6-6 3°6 1°4 I-2 
Uncombined SiO, 18-2 I°4 1°2 6-9 4°7 
Uncombined CaO 7°2 2:2 44°7 38 | OI 
C,AF ua ae 10°7 13°4 6°5 8-1 8-1 
C,AS es : 6-8 | 16°9 | 7-0 12-0 | 13°8 
cs és = 22-7 8-6 5-9 — | — 
C3So ‘3 it I'l 32°8 ol — 18-6 
CA 5g zs ~- — = 1-O oo 
C,S “ a — — -— 51-0 30°0 
TiO,, MngO3, MgO, 
Na,O, K,0, loss on | 
ignition (not CO.) 75 75 12°3 | 71 8-4 
Total bi ap 100-1 100-0 100-2 100°3 99°8 











together with the occurrence of unburnt limestone, uncombined CaO, quartz, and 
possibly uncombined Fe,O; in the samples, show that chemical equilibrium is not 
obtained with these hydraulic limes. In many cases there is no advantage to be 
gained by altering the burning conditions so as to obtain chemical equilibrium, 
but rather the reverse. For example, with lime No. 1 and lime No. 2 more complete 
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burning would almost certainly lead to practically completely inert products 
because the main constituents would then be non-hydraulic. 

Although data on phase equilibria are not applicable for the calculation of the 
final compositions of hydraulic limes, the mode of formation of the various 
compounds is important. With the system CaQ-Al,O;, de Keyser(!°) found that 
the initial aluminate formed is the monoaluminate CA, which then reacts with 
more CaO to form C,A, (usually described nowadays as C,,A,), and finally at 
progressively higher temperatures the most basic aluminate C,A is formed. 
With hydraulic limes, therefore, one would expect to obtain the less basic 
aluminates, CA and C,,A,, because of the comparatively light burning. These 
compounds were not positively identified in the limes examined, probably because 
they were present in relatively small amounts. The total amount of Al,O; was 
small in all cases, and at least some of this was combined in the ternary compound 
C,AS, and possibly some in C,AF. The formation of the calcium silicates takes 
place in a different manner from the calcium aluminates. This has been shown 
by Jander and Hoffmann(?") who found that the initial silicate formed is B-C,S 
whatever the original composition of the CaO-SiO, mixture, and that C,S, and 
CS are formed only by secondary reaction of B-C,S with SiO,. In mixtures 
containing excess CaO, provided that the temperature is high enough (greater 
than 1275 deg. C.), the B-C,S combines slowly with CaO to form C,S. These 
results show that with some raw materials used in the manufacture of hydraulic 
lime it is possible to alter the type of compound formed, and consequently the 
hydraulic value of the product, by varying the conditions of burning. Whereas 
light burning will produce B-C,S as the major silicate, burning at higher tempera- 
tures or for longer periods may give either the inert silicates C,S, and CS, or the 
hydraulic compound C,S, depending upon the composition of the limestone. This 
behaviour was clearly shown by examination of the composition of the lightly 
burned and sintered rocks of Blue Lias limestone and shale obtained from a works 
kiln. In practice, at this works, the small proportion of sintered stone formed 
in the burning of the Blue Lias limestone was separated and discarded owing to 
the risk of ‘‘ unsoundness’’ due to the hard-burned CaO present. The sintered 
material from the shale was not removed as it was considered to be harmless, 
but its presence led to a large amount of inert compounds in the final product. 

From the examination of the various samples of hydraulic lime, it appears 
that, in general, conditions of burning are such that B-C,S is the main silicate 
formed. It is to this compound that. the hydraulic properties of hydraulic lime 
may be mainly attributed, the othe: silicates present (CS, C3S_, y-C,S, and C,AS) 
having no cementing action. A minor contribution to the strength is probably 
made by the small quantities of calcium aluminates present, and because these 
aluminates react with water readily and hydrate rapidly they will probably have 
an important influence on the setting times. The reactivity of B-C,S with water 
is much less than that of the aluminates, but it should hydrate slowly and pro- 
vide a slow gain in strength. This is shown by the strength of the samples of 
lime (Table II), which all increase slowly up to a period of one year, and may 
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increase at even later ages. The compressive strengths are low compared with 
those of Portland cement. This may be attributed to the different compounds 
present in each case, and to a certain extent to the presence in hydraulic lime of 
some inert silicates, usually together with a considerable proportion of unburnt 
limestone. Owing to the presence of this inert material full use is not made of 
the CaO available, since in place of almost all the CaO being combined in 
cementitious compounds, as in Portland cement, an appreciable proportion is 
rendered inactive and of no hydraulic value. The formation of these inert 
compounds is probably to some extent unavoidable under the conditions of 
manufacture, but, if they can be kept at a minimum, then better quality may be 
obtained. An attempt was made in the present work to derive methods capable 
of giving an estimate of the quality of the samples of lime by direct determination 
of the “active ’’ CaO in each material. Further development of the methods 
outlined may allow a more reliable estimate of the quality of the various products 
to be made, and also enable the optimum conditions of burning of any particular 

limestone to be determined by trial, so that a calcined product with the minimum 

amount of CaO combined in inert compounds and the maximum hydraulic value 

may be obtained. 
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New Method of Making Tensile Tests. 
CYLINDERS CRUSHED HORIZONTALLY. 

THERE has been some investigation abroad on the question of determining the 
tensile strength of concrete by crushing cylinders on their side, and this method is 
in future to be used in Poland. It is stated that the idea was first suggested by 
Dr. Isuneo Akazava in Japan in the year 1943, and that experiments were made by 
Sr. Carneiro in Brazil in 1953. The following account of the method is given by 
Professor Axel Efsen and Mr. Ole Glarbo in ‘‘ Beton og Jernbeton ”’ (the Journal 
of the Danish Institution of Civil Engineers), No. 1, 1956. 

The test is made as follows (Fig. 1). The cylinder is placed with its horizontal 





Fig. 1. 


axis between the platens of a compression testing machine, and narrow strips of 
wood or similar material are inserted as cushions along the upper and lower 
generatrices. When pressure is applied to the cylinder, tensile stresses are pro- 
duced in the vertical plane through the axis. These stresses are almost uniformly 
= , where o,, is the tensile 
stress (termed the “ splitting ”’ stress), d the diameter, / the length of the cylinder, 
and P the applied force. This formula is based on the theory of elasticity and has 
been established by various authorities. Based on experiments carried out by 
Akazava and Carneiro, it expresses the correlation between the compressive stress, 
o,, and the “ splitting ”’ stress by the empirical formulae 
Ogg = 0°396. o,°-73 (Akazava). os) = 0°335. o,°785 (Carneiro). 

The results of the Danish experiments may be combined into a similar formula, 

namely, 


distributed throughout this plane, and are o,, = 


Tsp = 0°435. Ty™78 
Three series of tests have been carried out at the Building Research Laboratory 
of the Danish Technical University. Of the 238 cylinders tested, half were used 
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for the ordinary cylinder compression test and half were tested transversely’ 

In the first series the effect of the dimensions of the cylinders was investigated. 
Rapid-hardening Portland cement was used. The specimens were matured four 
days in water and ten days in air and tested at the age of fourteen days. Three 
sizes of cylinder were used, namely 15 cm. diameter by 30 cm. long, 10 cm. diameter 
by 20 cm. long, and 10 cm. diameter by 10 cm. long. The results are given in 
Table I. In Tables 1, II, and III all the strengths are the average of seven tests. 
(x — x,)* 

m—I 
It was shown that the dimensions of the cylinders had hardly any effect on their 
compressive or splitting strength. 

In the second series of tests an endeavour was made to keep the compressive 
stress uniform at 200 kg. per square centimetre, and cylinders of 15 cm. diameter 
only were used. Strips of hardboard 1 cm. wide were used as cushions. Specimens 
made with ordinary Portland cement were cured moist for one day, in water for 
nine days, and in air for eighteen days. Specimens made with rapid-hardening 
Portland cement were cured moist for one day, in water for three days, and in air 


The variations 4 are the average variations | 


Table I 


xp Cylinder 
——j} dimension 
% | ke/em*| A % 


222 | 10,0 | 25,2] 5,6 


246 | 200 | 816 | 1020 |14 | 14 | 0,81] 213 | 10,6] 26,0] 9,5 
208 | 10,9 | 25,8} 12,6] 10x10 
316 | 5,8) 32,8] 9,9] 15x30 
200 | 762 | 952 {11 | 14 | 0,51 
311 | 12,4] 35,2| 4,5] 10X20 


A =average variations of seven tests. 





Table II 


Type of Quantities in kg/m* | Set |Matur-|W/C Sp 

cement Cem.|Water | Sand] Ager. cm | ing kg/em'| /\ %, |ke/em*| A % 
Ordinary ! 10 | 10V 251| 1,6| 24,7] 24,1 
Portland | 278| 200 | 815 | 995 +18L | 0,72 
Cement | 18] o8V 204 | 10,9 | 23,2] 5,9 


Rapid 4 4V 215| 5,7] 24,0] 754 


Hardening] 246] 200 | 816 | 1020 +10L | 0,81 
14V 206] 2,6]24,0| 6,6 
2V 208} 4,1 6,8 

830 | 1020 + 5L | 0,87 
7v 235| 2,6] 24,7] 6,6 





L=air curing. 
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for ten days. Specimens made with extra rapid-hardening cement were cured 
moist for one day, in water for one day, and in air for five days. The specimens 
were tested immediately after they were taken out of the water. The results are 
given in Table II. 

The “splitting” strength was found to be independent of the conditions of 
curing. The compressive strength of concrete made with rapid-hardening Portland 
cement was also independent of the curing conditions. With ordinary Portland 
cement slightly higher strength was generally obtained when using standard 
curing instead of curing in water, while concrete made with extra rapid-hardening 
cement had the opposite tendency. 

In the third series of tests cylinders of 15 cm. diameter were again used, but 
some specimens measuring 10 cm. square by 60 cm. long were added in order to 
determine the bending strength. For the “ splitting” test strips of hardboard 
were again used as cushions. In the bending tests the span was 54 cm. and the 
load was applied at the third-points. The specimen was placed so that the top as 
cast was in compression in bending. Rapid-hardening Portland cement and one 
day moist curing, three days water curing, and ten days in air were used through- 
out. The water-cement ratio was varied. Two specimens were made with a water- 
cement ratio of 0-33, of which one was vibrated and the other hand-tamped. All 
other specimens were hand-tamped. The results are given in Table III. 


Table III 


Quantities in kg/m? | Set | Age | W/C Sp Se J of 
Cem.|Water |Sand|Ager. cm | days kg/cm'| /\ % | kg/cm*| /\ % | kg/cm /A\ % 
168 1048} 864) 4 | 14 | 1,19] 95 | 2,3 |11,3| 9,4 | 16,1| 6,5 
240 835] 1020] 17 | 14 | 0,83] 203 19,0] 5,3 | 2757] 5,8 
32 720] 1080) 16 | 14 | 0,64 | 350 | 2,7 | 29,1] 5,9] 36,7] 5,1 


352 640} 1192} 6 | 14 | 0,50] 370 29,6 | 6,6 | 36,5] 4,0 

624 536] 992} 9 | 14 | 0,33] 388 32,1] 7,1 | 33,1] 12,3 

528 592] 1096] VB°} 14 | 0,33} 455 37:7 | 3:4 | 42:3] 753 
=20 





A =average variation of seven tests 


In these tests there was a tendency for the ratio of the tensile strength in bend- 
ing to the “ splitting ” strength to fall with increase in strength. Corresponding 
values of “ splitting” strength and compressive strength are plotted in Fig. 2. 
All the co-ordinates are the average of seven tests. A curve generally approaching 
the test results may be drawn in many ways. As, however, the compressive 
strength may be considered to be the most important property of concrete, it is 
more useful to express this curve as a, in terms of o,,, that is 

Op = (5 + 4Oyy) X gy. In Fig. 3 o,/ogy is a function of o,,. 
An investigation of Akazava’s and Carneiro’s results shows that nearly the 
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same approach to these may be obtained by using the somewhat simpler formulae 
Oy = (6 + } O59) X ogy (Akazara). of, = (8 + 4045) X oy» (Carneira). 

These expressions are plotted on Figs. 2 and 3; they vary in the ratio of o,,/0, 

from one experiment to another. It appears that the main difference between the 

experiments was in the aggregates used. 
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Vickers 
Mills— 


Closed 
Circuit 
Grinding 





Though a ‘closed circuit’ 





makes it easier to control 
production to a specific 
fineness, consistent ac- 
curacy depends upon the 
plant being reliable. The 
trouble-free running syno- 
nymous with Vickers mills 
demonstrates, in fact, that there is no 


substitute for skill and experience 


VICKERS-ARMSTRONGS backed by manufacturing capacity. 


(ENGINEERS) LIMITED 


VICKERS HOUSE - BROADWAY LONDON sWI 
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Calls Uellets 


Manufactured in hard white “« WYCHRO”’ iron, 
giving extremely good wearing qualities, these are widely 
used by manufacturers of cement and paint at home and 
abroad. Any size ball or pellet can be made to customer’s 
specification. Please send for our illustrated folder. 
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Our highly mechanised plant has been specially installed 
for the production of grinding media and mill linings. 
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Specific Surfaces of Coarse Powders. 


A method of determining the specific surfaces of coarse powders is described 
by Mr. Gésta Ringquist in Proceedings No. 28, 1955, of the Swedish Cement and 
Concrete Research Institute. The method enables specific surfaces to be measured 
within the range of 25 to 3000 sq. cm. per gramme with an error of less than ro 
per cent. The method is based on that of Payne, modified to extend the range of 
measurement and accuracy. 


Measurements of substances with known specific surfaces showed that the area 
Spdv could be related to the total surface of the sample by the equation mx S = 
afpdv + bwhere m is the weight of the sample in grammes, S is the specific 
surface of the sample in square centimetres per gramme, and fpdv is the area 
bounded by the axes of the co-ordinates, the curve 4v = f(p), and the line 
Av = v,. The constants a and b were determined by calibration tests on ethanol, 
water and kerosene. 


Tests were made on the effects of temperature on the determination of the 
specific surfaces and it was found that a change in temperature caused an error of 
about 2 per cent. per deg. C. Tests were also made to ascertain the effect of the 
size of the bed of powder and the weight of the sample. 


Tests showed that it was not necessary to introduce any correction for the 
shape of the particles. It was also found that relatively large variations in the 
distribution of particle sizes did not cause any reduction in the accuracy of the 
measurements. 


The bulletin is obtainable from the Institute at a price of 3kr. 


Cement Plant in Iran. 


A contract valued at £750,000 has been secured by Messts. Edgar Allen & 
Co., Ltd., for the supply of cement-making machinery and equipment for the 
new Portland cement factory at Doroud, Iran, 250 miles south-west of Teheran. 
The plant will have a capacity of 600 tons a day. It is understood that this is the 
first instance since the war of an order for a British plant of this description 
being secured in the face of international competition. The equipment, which 
includes two rotary kilns 330 ft. long by 9 ft. and 10 ft. 6in. diameter, primary 
crusher, wash-mills, tube-mills for raw and finished materials, and all ancillary 
equipment, will be made at the Company’s works at Sheffield. Delivery will 
begin ten months from the signing of the contract; the first kiln will be delivered 
eighteen months later and the second kiln two years later. The cement will be used 
in hydro-electric schemes. A power station will be built to supply electricity to 
the factory. 
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New Cement Works for Thailand. 


The Thailand Irrigation Department has placed an order, valued at £700,000, 
with Messrs. Fried Krupp, of Germany, for a cement works at Tha Klee, near 
Chainat. Tenders were first invited in 1952, and in 1954 selected firms, which 
included no British firm, were asked for new quotations. The capacity of the works 
will be 60,000 tons a year. 








New Cement Works in Spain. 

A concern styled Cementos del Cinca S.A. has been formed, with the participa- 
tion of Hidro Nitro Espanola, for the production of cement and authority has been 
granted to Sr. Ramon Pont to erect a factory at Calaf (Barcelona) with an annual 
capacity of 30,000 tons of cement. ; 








Production of Cement in Britain. 


The production of Portland cement in Great Britain in the year 1955 was 
12,500,000 tons, of which 10,750,000 tons were delivered to the home market. 
Both these totals are the highest ever recorded. Home deliveries exceeded those 
for 1954 by 680,000 tons. Exports in 1955 equalled those in 1954 at 1,750,000 
tons, in spite of serious losses caused by dock strikes. 


fans 


for 
heavy duties 


Regardless of size— no matter what 
type-—if it’s a fan for use in the Cement 
Industry contact Keith Blackman. 
Fans for KILN DRAUGHT 
SECONDARY AIR 
CLINKER COOLING 


DUST REMOVAL 
KILN COAL FIRING 
SACK CLEANING APPLICATION : — draught 
NVE for rotary cement kiln. 
BO ES paiieer TYPE: ‘Tornado’ 100” dia. HIGH 
EFFICIENCY blower with heavy pat- 
VENTILATING tern casing and impeller. 
Write for the fully illustrated Booklet No. 25/31 ery: petal ome permin. 


Keith Blackman Ltd 


MILL MEAD ROAD LONDON N17 
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‘GR’ REFRACTORIES 
meet every ROTARY KILN need 


Operational conditions in rotary cement kilns vary 
from plant to plant and because of this it is not 
possible to specify any single brand of refractory 
which is suitable or econumical in all cases. To 
meet the varying requirements of users, General 
i Refractories Limited manufacture a complete 
range of refractories including Basic, High 
Alumina, Firebricks etc. Full particulars concern- 
ing all these refractories are available on request. 


The G.R. Technical Organisation is at the Servicé Technical information 
of users who may require assistance on the selection on these and other GR 
and application af cement kiln refractories. products sent on request 


GENERAL REFRACTORIES LTD (Uh) 


GENEFAX HOUSE ° SHEFFIELD 10 ° TELEPHONE SHEFFIELD 31113 





Sa eT 


CEMENT AND LIME MANUFACTURE May, 1956 


it's, 
all 


For drying small coals the British Rema Pneumatic 
Dryeris quick and effective, and takesjup relatively 
little space. At all times during the drying the part- 
icles are separated and swept by high-velocity hot 
gases; this gives an extremely rapid transfer of 
moisture from material to the air stream—drying 
takes place in less than one minute and the material 
never has time to get too hot. This system of pneu- 
matic drying is also very suitable for materials which 
are easily damaged by breakage or over-heating — 
flaked materials, crystalline products, sawdust, etc. 
Sizes: from $ ton to 20 tons per hour. 
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. To BRITISH ‘REMA’ MANUFACTURING CO. 
LTD., IMPERIAL STEEL WORKS, SHEFFIELD, 9. 


Please post Drying Equipment" to 


BRITISH ‘REMA’ MANUFACTURING CO. LTD. 
PROPRIETORS: EDGAR ALLEN & CO. LIMITED 
IMPERIAL STEEL WORKS - SHEFFIELD 9 


~~ Published by CoNncreTe PusticaTions, Lrtp., 14, Dartmouth Street, Lonion, S.W.1. England. _ 
Printed in Great Britain by Cornnwati Press Lee., 1-6, Paris Garden, Stamford Street, London, S.E.1. 








